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IA-1  IA-2 

Previous  svntheses  of  N- isopropyl  p- iodoamphetamine  (IMP''  have  1 
to  prove  adaptable  to  routine  clinical  use,  preventing  the  widespre. 


of  che  compound  for  brain  imaging.  These  syntheses  generally  required 


□reparation  of  a  halogenated  precursor  which  was  then  labeled  bv  isotopic 


::  .hange .  Work  bv  Mathis  et  al.  and  Kabalk  .  et  nl.i3  show  tha: 


mecaLlation  occurs  at  low  temperatures  with  high  radiochemical  vieid. 


The  high  reactivity  of  thiophene  and  halogenated  thiophenes  in  retalia¬ 


tion  reactions  compared  to  benzene  make  thiophene  an  attractive  substi¬ 


tute  for  the  benzene  ring  in  IMP.  We  propose  to  develop  an  analogue  of 


IMP  using  thiophene  (IA-2)  to  synthesize  a  new  imaging  agent  that  may  be 


valuable  for  clinical  u; e, 


B .  BACKGROUND 


Emission  Computed  Tomographs 


Medical  imaging  may  be  classified  into  two  broad  catagories  based  on 


the  source  of  radiated  energy.  In  radiography  and  computed  tomography 


(CT) ,  the  target  is  bombarded  from  an  external  x-ray  source,  with  the 


target  absorbing  some  of  the  radiation.  The  transmitted  radiation  is 


then  reconstructed  into  an  image  or  collected  onto  film  for  diagnosis. 


An  external  transmitter  is  also  used  in  sonography  (ultrasound) .  In 


contrast,  nuclear  imaging  techniques  use  emitted  radiation  from  radio ¬ 


pharmaceuticals  that  originate  from  within  a  body  to  produce  an  image. 


The  two  techniques  provided  substantially  different  information  to  the 


medical  technologist.  While  radiography  excels  in  providing  structural 


and  anatomic  information  due  to  its  superior  spatial  resolution,  nuclear 


medicine  imaging  provides  detailed  information  on  physiological  function. 


The  use  of  organ-  or  system-specific  radiopharmaceuticals  in  nuclear 


I 

I 

medicine  imaging  provides  information  concerning  blood  flow,  metabolism, 
and  other  physiological  functions  . 

Although  a  detailed  discussion  of  nuclear  imaging  theorv  is  bevond 

the  scope  of  this  thesis,  a  basic  statement  of  PET  and  SPEC!  theory  is  t 

I 

essential  in  understanding  the  incentives  and  requirements  in  the  j 

development  of  new  imaging  agents.  Common  to  both  PET  and  SPECT,  and  at 
the  foundation  of  nuclear  imaging,  is  the  phenomenon  of  nuclear  in¬ 
stability.  It  is  known  that  for  a  given  element  only  certain  neutron  to 
proton  ratios  will  result  in  stable  nuclei.  If  the  ratio  is  above  or 
below  the  "stable"  ratio,  the  nucleus  is  classified  as  unstable  or  j 

radioactive.  Two  types  of  instability  are  recognized  based  on  the  path  j 

followed  to  regain  stability:  dynamic,  which  leads  to  alpha-decay  and 
fission;  and  beta,  which  leads  to  beta-decay  and  electron  capture. 

Alpha-decay  is  characterized  by  the  breaking-up  of  the  nucleus  into  two  J 

distinct  fractions,  while  beta-decay  is  characterized  by  a  spontaneous 
change  of  the  nucleus  without  fragmentation.  As  most  isotopes  used  in 
nuclear  imaging  are  limited  to  those  which  decay  via  beta-decay,  we  will 
limit  our  discussion  to  beta  type  radiation. 

Beta-decay  occurs  via  two  routes  depending  on  the  neutron  to  proton 
ratio.  If  the  ratio  lies  above  that  classified  as  stable,  decay  occurs 
by  a  neutron  transforming  to  a  proton  with  emission  of  an  electron 
(sometimes  referred  to  as  negatron  emission): 

n  - an-,  p  +  e‘  +  1/ 

where  n,  p,  e',  and  v  stand  for  neutron,  proton,  electron,  and  neutrino 
respectively.^  Conversely,  if  the  neutron  to  proton  ratio  lies  below 
that  considered  stable,  increasing  the  neutron  to  proton  ratio  occurs  in 


3 


one  of  two  ways.  The  first  involves  the  emission  of  a  positron,  e+ ,  (the 
second  form  of  beta-decay),  while  in  the  second,  electron  capture  occurs: 


n  +  e  +  v 


p  +  e"  - mm-  n  +  v 

The  captured  electron,  most  often  from  the  Is  orbital,  leaves  an  empty 
orbital  which  is  filled  by  an  electron  from  a  higher  energy  level.  The 
orbital  change  is  accompanied  by  release  of  a  photon  of  energy.  PET 
imaging  takes  advantage  of  positron  emission,  while  SPECT  utilizes 
photons  emitted  via  electron  capture. 

The  positron  emitted  via  beta-decay  travels  a  very  short  distance 
(in  about  10*^®  seconds)  before  encountering  an  electron.  The  positron 
and  electron  undergo  annihilation  with  subsequent  creation  of  two 
photons,  each  having  energy  of  0.511  MeV.  These  two  photons  travel  at  an 
angle  of  180°  +  0 . 3° . ®  These  photons  are  "counted"  by  two  detectors 
arranged  in  a  parallel  plane.  The  photons  must  reach  both  detectors 
within  a  specified  window  of  time  to  be  classified  as  occurring  from  a 
single  annihilation,  and  thus  subject  to  mathematical  reconstruction  to 
produce  an  image. 

The  single  photon  emitted  via  electron  capture  is  similarly  detected, 
but  by  a  single  detector  with  no  time  relationship  between  photon  emis- 


The  development  of  radiopharmaceuticals  for  emission  computed  tomo¬ 
graphy  (ECT)  of  the  brain  is  an  active  area  of  research.  Initial 
attempts  at  nuclear  imaging  utilized  radionuclides  attached  to  carrier 


.‘.v.v.v.v .•  v  v  •  •  • .  , 


molecules  with  little  retention  in  the  brain.  Experiments  were  then 
conducted  on  radiopharmaceuticals  that  crossed  an  intact  blood -brain 
barrier,  showing  that  this  crossing  was  proportional  to  blood  rlov  * 

Three  classes  of  compounds  have  emerged  after  extensive  development, 
for  use  in  ECT.  Amines  are  the  most  diverse  class  due  to  the  broad  range 
of  compounds  that  are  either  intermediates  in  the  biosynthesis  of  neuro- 
transmitters  or  are  themselves  neurotransmitters . ^  The  central  role  of 
amines  in  the  function  of  the  brain  allows  for  observation  of  normal  and 
pathological  brain  states,  such  as  schizophrenia  and  manic-depressive 
psychoses,  as  manifestations  of  abnormal  amine  metabolism  or  kinetics.^ 
Other  brain  imaging  agents  include  radiolabeled  deoxyglucose ,  water,  and 
gases  such  as  oxygen,  carbon  monoxide,  and  carbon  dioxide. 

The  metabolic  or  physiologic  activity  of  the  carrier  molecule  is 
thought  to  be  the  same  as  for  a  corresponding  non-labelled  counterpart,^ 
allowing  for  introduction  of  radiolabels  into  a  wide  variety  of  com¬ 
pounds.  Positron  emitters  such  as  ^C,  ^N,  and  ^0  have  been  incor¬ 
porated  directly  into  the  naturally  occurring  molecules.  Examples 
include  dopamine,  norepinephrine,  and  numerous  amino  acids  with  and 
labels;  oxy-  and  carboxyhemoglobin,  water,  carbon  monoxide  and  carbon 
dioxide  labelled  with  ^0.  Other  radionuclides  used  clinically  include 
■LOF  labelled  deoxyglucose,  ethanol,  and  spiroperidol,  and  DOGd  complexed 
with  ligands  such  as  ethylenediaminetetraaceticacid. ^ 

Amines  have  been  evaluated  with  the  radiolabel  introduced  into  the 
molecular  backbone  via  synthesis  utilizing  an  isotope  of  nitrogen  or 
carbon,  and  with  labelling  introduced  as  a  radionuclide  substituent.  To 
date,  most  agents  have  been  labeled  with  single-photon  emitters.  The 
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emphasis  on  .ising  amis**  J:-»a  tt-etj  »t : . ;  t  >  -iv»*  ::.c 

blood  brain  barrier  allj»if-a  !*>:  -»  i;.  j  crease  ::.£.: 

altered  amine 

Radlolodlnacsd  Amines 

The  flrsc  radiohalogen- labeled  ee«p*i>ujvd  ik*t  exhibited  i«»»i'i.»t  ,  > 
long  rtccndon  In  the  normal  human  brain  «««  synthesised  *t,a  »n.^!tc  ; 

Sargent,  gpil-*4  The  agent.  4 -bromo •  2  .  *  •dlmethexvjiher.Y:  *  setf  » c  *  v :  *n  ;  <  e 
(4-Br-DPIA),  was  labeled  with  '  Sr  and  ®-8r  This  wot*  «<:  jcilovec  ; 
by  the  synthesis  of  4-1-DPIA  using  *  I.  which  was  proposed  *s  *  .;c: 
brain  Imaging  agent  due  to  its  first  pass  extraction  from  b  ;«..<•<;  n  ':■•.• 
in  monkeys. ^  Additional  research  lead  to  the  development  ol  mar-v 
radiolabeled  amines.  Winchell,  synchesl2#d  and  studied  {or*,  v 

iodophenylalkylamines  labeled  with  In  attempt  to  develop  labeled 

amines  that  would  be  useful  for  brain  studies.  The  study  encompassed 
derivatives  of  aniline,  benzylamines ,  and  phenylethylamines  Their  wort' 
showed  that,  for  ring- iodinated  phenylalkylamines ,  brain  uptake,  retor¬ 
tion,  and  blood- to-brain  ratios  are  greatest  when  the  alkyl  group  is 
alpha-methylated,  and  N-alkylated  with  a  single  lipophilic  group  such  as 
an  isopropyl  group.  a-Methyl-N- (1-methylethyl) -benzeneethaneamine  (N- 
isopropyl  amphetamine)  meets  all  three  of  these  conditions. 

There  are  currently  three  iodo-amino  compounds  which  predominate 
research  of  nuclear  imaging;  N-isopropyl  p-iodoamphe famine  (IMP),  U- 
iodo-2 , 5 -dime thoxyphenyl isopropylamine  (4-I-DPIA),  and  N , N , N' -  trimethyl  - 
N' - (2 -hydroxy- 3-methyl-5- iodobenzyl) 1 , 3-propanediamine  (HIPDM)  (Figure 
I.B.l).  Holman,  et  al.,^  compared  iodine-123  IMP  with  iodine-123  HIPDM 
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noting  that  both  compounds  produce  similar  tomographic  images.  For  long 


term  imaging,  they  rated  iodine-123  IMP  as  superior  due  to  its  higher  brain 


uptake . 


4- lodo-DPIA 


HIPDM 


Figure  I.B.l 


Radioiodinated  Amines  Used  for  Medical  Imaging 


CHAPTER  II 


APPROACH  TO  THE  STUDY 

A.  PREVIOUS  SYNTHETIC  WORK  ON 
N- ISOPROPYL  p-IODOAMPHETAMINE 

Following  the  identification  of  N- isopropyl  p- iodoamphetamine  (IMP) 
as  a  primary  candidate  for  emission  computed  tomography  applications  by 
Winchell,  et  new  synthetic  methods  were  developed  for  IMP. 

Carlsen  and  Andresen^  reported  a  new  synthetic  method  for  IMP  in  1982. 
Phenylacetic  acid  was  first  iodinated  with  sodium  nitrate/iodine  in 
sulfuric  acid  and  acetic  acid.  The  resulting  p- iodophenylacetic  acid  was 
converted  to  p- iodophenylpropanone  by  acetylation  followed  by 
decarboxylation.  A  modified  Leukart  Reaction  was  then  used  to  form  the 
IMP. 

The  ability  to  radioiodinate  the  aromatic  ring  and  obtain  a  suffic¬ 
iently  high  yield  of  radioactive  material  remained  a  synthetic  barrier. 
Decomposition  of  triazine  precursors^  and  halogen  exchange^  both 
resulted  in  formation  of  chemically  similar  byproducts  which  diluted  the 
amount  of  the  desired  radiolabeled  compound  produced. 

To  overcome  this  loss  of  product  purity,  a  more  efficient  means  of 
radioiodinating  the  aromatic  ring  was  required.  Kabalka,  et  al.,‘0 
expanded  on  their  previous  work  in  the  synthesis  of  arylboronic  acids  to 
overcome  this  barrier  TO  ring  iodination.  They  synthesized  IMP  through 
an  entirely  different  chemical  approach^  (equation  II-l).  Beginning  with 
the  base  catalyzed  condensation  of  p-bromobenzaldehyde  with  nitroethane 


they  produced  p-bromo-^.^-meChylnitrostyrene .  Reduction  of  this  st\:c' 


with  borane  gave  the  amphetamine  which  was  used  in  a  reductive 
reaction  with  acetone  to  yield  the  N-  isopropyl  g'*51'0"0-"-!  :-c  r -3 1 '  c 
Sonication  in  the  presence  of  magnesium  metal  and  borar.c  coa;.r'.  e 
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p-boronic  acid.  A  transmetallation  reaction  was  then  used  to  obtain  l" 
They  reported  that  only  trace  quantities  (less  chan  four  percent)  oi 
other  iodinated  organic  products  were  formed. 


B .  THIOPHENE  ANALOGUE 


Preparation  of  a  thiophene  analogue  to  a  known  metabolite  provides 
additional  pathways  into  research  of  biological  activity  as  well  as 
chemical  reactivity.  Thiophene  analogues  of  known  metabolites  are 
reasonably  expected  to  intensify,  mimic,  or  oppose  the  biological  effec 
of  the  metabolite  depending  on  the  analogue's  affinity  for  the  receptor 
site  and  its  intrinsic  activity. ^  It  was  the  similarity  of  physical 
properties  of  thiophene  and  benzene,  and  the  occurrence  of  thiophene  in 


bwozen*  p cepaf «<J  'ro*  co*l  tar  th.it  lead  to  consideration  of  thiophene  as 
*fi  4(14 logu*  of  Re p L 4c cftjer.t  of  thiophene  for  benzene  in  sero- 

l  ■>*{.-  *L  c**«.t  ioc>.»  ;«i  t  j  at  _iiea  .  f.  the  i  o  i  a  o  s  t  c  r  1  c  relationship  of 

>  -x o«pu<4h4»  5f*<  it.tfl«»  in  which  benzene  was  replaced  by 

chtophwn*  b«c<tm*  commonplace  *4’  One  of  the  earliest  of  these  studies  was 
whe  comparison  of  pheny  le thy  l am  In#  with  2  •  thleny lethy lanlne  .  Although 
the  Isologu#  showed  vasoprassor  activity  in  the  cat.  it  was  only  one- 
ceneh  a*  potent  *  ^  Allas  and  F#lgan^4  followed  with  an  analysis  of 
thienyl'  and  f ut y i ■ analogues  of  amphetamine  They  found  no  discernable 
difference  in  che  drug  effect  in  dog*  and  on  isolated  rabbit  intestinal 
atrip*  The  thienyl aarphe t a* l ne  was  found  to  be  less  toxic  in  mice,  but 
when  administered  to  humans .  amphetamine  showed  much  more  central  nervous 
system  stimulation  end  circulatory  stimulation. 

The  aromatic  (or  heteroaromatic)  nature  of  thiophene  is  a  well 
established  phenomena  Resonance  consideration  of  thiophene  may  be 
represented  by  the  structures  shown  in  Figure  II.B.l.  Analysis  of  these 
structures  Indicates  that  thiophene  should  have  a  dipole  moment  in  the 
direction  of  the  heteroatom,  in  contrast  to  benzene,  which  does  not 
possess  a  dipole.  Thiophene’s  dipole  has  been  measured  as  0.52  debye ; 
1.35  debye  less  than  the  corresponding  non*aroaatic  analogue,  tetrahydro- 
thiophene.^  This  may  be  due  to  the  contribution  of  s  and  d  orbitals  to 
the  resonance  energy. ^ 

Resonance  structures  have  also  been  useful  in  predicting  the  reac¬ 
tivity  of  different  positions  on  thiophene  to  electrophilic  attack.  By 
considering  the  Wheland  intermediates,  attack  at  the  2-position  yields 
three  resonance  structures  while  attack  at  the  3-position  gives  only 
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Figure  II.B.l  + 

Resonance  Structures  of  Thiophene 

two  (Figure  II. B. 2).  The  2-position  is  known  to  be  the  more  reactive, 
and  substitution  takes  place  much  more  easily  than  in  benzene.  A  measure 
of  the  ratio  of  rates  of  nitration  between  the  two  analogues  has  been 
reported  as  850:1.27 

n  *  n^E  —  r!tE 


o 


3-Po«Woo 


+  E 


o< 


Figure  II. B. 2 

Wheland  Intermediates  of  Electrophilic  Attack  on  Thiophene 


C .  BACKGROUND 


Synthesis  of  the  thienyl  analogue  of  IMP  could  theoretically  be 


accomplished  via  the  IMP  synthesis  using  thienyl  analogues  of  the 
chemical  precursors.  The  following  synthetic  steps  were  used:  nitro 


Reduction  With  Borane 

Reduction  of  conjugated  nitroalkenes  to  the  corresponding  alkylamines 
has  been  accomplished  using  lithium  aluminum  hydride.  The  use  of  the 
aluminum  hydride  resulted  in  reports  of  mixtures  of  products  with  modest 
yields. 30,31  Mourad  et  al.-^  reported  the  reduction  of  nitro  compounds 
with  boron  hydrides.  They  noted  that  the  work  of  Shechter  et  al.^2 
showed  that  using  sodium  borohydride  to  reduce  a ,^-unsaturated  nitro¬ 
alkenes  would  produce  the  corresponding  nitroalkane,  and  also  that  nitro 
salts  are  reduced  by  borane  complexes  to  the  hydroxylamine .  Mourad 
postulated  that  both  reactions  proceed  through  a  common  nitronate  inter¬ 
mediate.  Hydroxylamines  were  then  prepared  by  reducing  conjugated  nitro¬ 
alkenes  with  borane  complexes. 

This  opened  the  door  for  direct  synthesis  of  amines  from  conjugated 
nitroalkenes.  Feuer  and  Braunstein-^  had  previously  demonstrated  that 
hydroxylamines  may  be  reduced  with  borane  at  elevated  temperatures  to 
produce  amines.  Mourad  et  al.-^  reported  the  reduction  of  a,0-un- 
saturated  nitroalkenes  to  alkylamines  in  borane- tetrahydrofuran  is 
catalyzed  by  sodium  borohydride  at  room  temperature. 

An  acini tro  salt  of  a  nitroalkene  is  formed  using  a  metal  borohydride 
(equation  II-4).  Borane -tetrahydrofuran  complex  will  then  reduce  the 
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salt  to  the  corresponding  Son  me  ester 
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shorter  reaction  times 
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Reductive  Agination 

Amines  may  be  ?(•  eikvleted  via  red-active  ior.  of  a  katora 

Borch.  Bernstein,  and  Durst ^  studied  the  reducing  cheaistrv  of  nodiuit 
cyanoborohydr tde  end  determined  that  It  reduced  a  vide  varletv  of 
compounds  selectively  They  note  that  the  cyanoborohydr ide  reduction  of 
ketones  Is  pH  dependent,  being  negligible  at  neutral  pH  Although  the 
reaction  Is  unfavorable,  formation  of  Che  laainlum  moiety  (equation  11-6 
is  optimized  at  pH-6 .  where  reduction  with  the  cvanoboroh.vdr ide  (equal  ici 
1 1  -  7 )  is  rapid.  Kabalka  gj;  ai  6  applied  this  discovery  to  N-alkylate 
amphe*  ••“Ire  . 


Borch  and  co-workers  used  an  excess  of  amine  to  prevent  formation  of 
the  tertiary  amine. 

Preparation  of  the  Boronic  Acid 

The  first  preparation  of  organoboron  compounds  was  reported  by 
Frankland  in  1862,-^  who  isolated  ethaneboronic  acid  by  hydrolysis  of  its 
diethyl  ester.  Other  investigations  into  the  properties  and  synthesis  of 
boron  compounds  followed.  It  was  inevitable  that  the  Grignard  reagent 
would  be  used  in  the  synthesis  of  boronic  acids,  and  this  was  done  by 
Khotinsky  and  Melamed  in  1909.^7  They  used  the  Grignard  reagent  on  alkyl 
esters  of  boric  acid.  Snyder,  Kuck,  and  Johnson^  built  upon  the  work  of 
both  Frankland  and  Khotinsky  and  Melamed  to  study  the  reactivities  of 
aliphatic  boronic  acids.  An  externally  prepared  Grignard  reagent  was 
used  on  alkyl  borates  followed  by  acid  hydrolysis  to  yield  the  crude 
boronic  acid.  They  noted  that  anhydrous  boronic  acids  are  subject  to 
autooxidation  in  air,  and  the  presence  of  water  inhibits  the  auto- 
oxidation.  The  autooxidation  yields  the  boron  oxides  of  the  formula 
R-BO,  which  exists  as  trimers . 

Ainley  and  Challenger^ ,  along  with  Johnson  and  co-workers^ , 
detailed  the  properties  and  synthesis  of  aromatic  boronic  acids.  Both 
research  groups  used  the  externally  prepared  Grignard  reagent  to  syn¬ 
thesis  the  boron  compounds.  Their  results  showed  that  aromatic  boronic 
acids  react  with  aqueous  metallic  salts  to  cleave  the  carbon-boron  bond, 
and  also  with  hydrogen  peroxide  and  bromine  water.  Kabalka  et  al.^ 
reacted  borane  complexes  with  arylmagnesium  halides  in  a  single-pot 
synthesis  to  produce  the  corresponding  arylborohydrides  (equation  1 1  -  8 )  . 


The  arylborohydrides  were  hydrolyzed  with  water  and  an  acid  catalyst  to 
the  corresponding  boronic  acids  (equation  II-9). 
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3rown  and  Cole^  described  a  method  for  preparation  of  borinic  esters 
from  organolithium  reagents  and  trialkoxyboranes .  They  reacted  an  alkyl - 
lithium  with  a  trialkoxyborane  (equation  11-10)  at  -78°C  in  dry  ether, 
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forming  the  alkyltrialkoxyborate  complexes,  which  were  destroyed  by 
protonation  with  anhydrous  hydrogen  chloride.  This  protonation  produced 
the  corresponding  alkylboranes .  Gai^  modified  this  method  and  applied 
it  to  aryllithium  compounds.  After  lithiation  of  the  aryl  compound, 
addition  of  triisopropylborate  gave  the  boronic  ester.  Hydrolysis  of  the 
ester  resulted  in  the  aryl  boronic  acid  (equation  I I - 1 1 ) . 
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Direcc  iodination  using  molecular  iodine  is  the  least  complex  method 
of  placing  iodine  on  the  aromatic  ring.  This  method  has  been  used  to 
iodinate  thiophene  in  good  yield^,  and  is  an  example  of  the  very 
reactive  nature  of  the  2-position  of  thiophene  to  halogenation.  Many 
other  methods  of  iodination  are  available,  including  acid  catalyzed 
reactions  of  iodine  with  HIO3  and  iodination  using  a  mercury ( II )oxide 
catalyst. ^  Kabalka  and  Gooch^  reported  a  method  for  incorporating 
iodine  into  organic  molecules  using  organoboranes  with  sodium  iodide  in 
the  presence  of  an  oxidizing  agent.  The  reaction  was  rapid,  stereo¬ 
specific,  and  proceeded  in  the  presence  of  a  variety  of  functional 
groups.  They  applied  this  same  procedure  to  preparation  of  aromatic 
iodides  using  arylboronic  acids  (equation  II-l.)."*7 


Chloramine -T  was  used  as  the  oxidant  by  Kabalka  and  Gooch,  but  other 
oxidants  have  also  been  successfully  used,  such  as  N-chlorosuccinamide  ‘ 
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imaging  agent  In  nuclear  medicine 

Tvo  parallel  paths  of  synthesis  were  followed  l>.«v  differ  -  r. , 

'he  presence  of  a  bromine  substituent  on  the  thiophene  ring  T‘  «■  •-  < 

if  this  dual  svnthesis  was  *">  produce  the  -or.  •  hr  " m*3  <- |3  irpi3t(r-d?.  ’■  -  •-  r 
references,  and  as  starting  material  for  a  separate  svr, thesis  *  '■ 

isopropvl  2  ;.«.minop.-opvl  •  S  ■  lade*  h  i  ->ph«r.»  via  a  t .  i t),v",  s  t  ar.r  •.  i  ,•  •• 
mediate.  The  primary  path,  though  was  through  the  broeo  compounds 
Discussion,  therefore,  will  focus  on  the  svnthesis  of  the  broteo  crairp '■•undi 
with  notation  of  any  important  procedural  differences  or  observations 
encountered  during  synthesis  of  the  non-bromo  analogues 

Two  separate  procedures  were  used  in  the  preparation  of  2-f2-ritr- 
propeny 1 ) -  5 -broraothiophene .  Both  are  nitroaldol  condensations  of  5-bro-r 
2-thiophene  carboxa ldehvde  (equation  III-l).  The  first  was  based  on  th. 
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net hod  of  Calraud  and  Lappin^  for  Che  synthesis  of  1 -nitroscyrenes . 
Glacial  acecic  acid  was  used  as  che  solvent  with  an  alkylaldehyde  and 


nitroethane  refluxed  with  ammonium  acetate  for  two  hours  Pouring  the 
solution  into  water  precipitated  a  yellow  solid  which  was  collected  t>v 
filtration  and  recrystal l iced  to  give  the  product  Generally  vl»ld» 
averaged  fifty  percent 

The  second  net hod  utilised  nitroethane  es  both  solvent  and  r»»ct*nt , 
and  was  based  on  a  method  outlined  by  Ho  gj,  Remove]  of  the  solvent 
left  the  crude  product  with  excess  ammonium  ecetete  The  aesson i urn  acetate 
was  removed  by  dissolving  the  solid  in  ether  and  tedious  washing  with 
copious  amounts  of  water  This  additional  work  was  rewarded  with  yields  of 
greater  than  eighty  percent 

Methanol  was  used  Initially  for  recrystal  1 izationa .  but  was  replaced 
by  ethanol  due  to  better  solubility  of  the  solid  in  ethanol,  allowing  for 
handling  of  smaller  volumes  during  the  purification.  Yellow  needle 
crystals  that  melted  cleanly  at  1&7-1&9°C  were  obtained  Nuclear  magnetic 
resonance  (NMR)  spectra,  both  carbon-13  (page  37)  and  proton  (page38),  were 
obtained.  Carbon- 13  peak  assignments  are  shown  on  page  25 

Preparation  of  the  2- (2-aminopropyl) - 5 -bromothiophene  was  based  on  the 
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method  of  Mourad,  Varma,  and  Kabalka^  for  reduction  of  a, b- unsaturated 
nitroalkenes  using  borohydrides .  Addition  of  sodium  borohydride  to  the 
nitropropene  forms  the  sodium  salt  (equation  III-2).  This  reaction  is 


^0— BHS  N(J+  nx- 2 


initially  very  exothermic.  Reduction  of  the  non-bromo  compound  occurred 
more  vigorously  than  the  corresponding  bromo  compound.  Borane  then  reduces 
the  salt  to  the  borinic  ester  (equation  III-3).  The  reaction  normally 
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required  reflux  for  twenty- four  hours  to  go  to  completion.  Shorter 
reaction  periods  produced  a  mixture  of  Che  amine  and  hydroxylamine  follow¬ 
ing  hydrolysis. 

The  2- (2-aminopropyl) -5 -bromo thiophene  was  found  to  be  unstable, 
turning  burnt  orange  within  eight  hours.  If  not  used  immediately,  it  was 
protected  as  Che  hydrochloride  salt. 

Following  hydrolysis,  the  aqueous  solution  was  first  washed  with  ether 
to  remove  organic  impurities,  and  taken  to  approximately  pH-8.  At  this  pH, 
any  hydroxylamine  formed  during  the  reaction  is  released  and  extracted  into 
the  ether.  Further  basification  to  approximately  pH-10  released  the  amine 
into  ether.  A  yellow  liquid  was  the  product  as  shown  by  carbon- 13  (page 
39)  and  proton  (page  40)  NMR  spectroscopy.  Carbon- 13  peak  assignments  are 
given  on  page  25. 

The  primary  amine  was  N- alkylated  using  the  method  of  Borch, 


Bernstein,  and  Durst. ^  The  2- (2-aminopropyl) -5-bromothiophene ,  glacial 
acetic  acid,  and  sodium  cyanoborohydride  were  used  in  a  ratio  of  1  :  6  : 

1.2  :  0.6.  This  ratio  was  developed  by  Gai^  as  optimum.  Although  Borch 
and  co-workers  used  an  excess  of  amine  to  inhibit  formation  of  secondary 
and  tertiary  amines,  we  encountered  no  formation  of  the  tertiary  amine  with 
the  six- fold  excess  of  ketone.  Presumably,  this  is  due  to  steric  interac¬ 
tions  that  shield  the  amine  from  additional  substitution.  Formation  of  the 
imminium  moiety  (equation  III-4)  is  known  to  be  an  unfavorable  step  in  the 
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reaction  sequence^,  and  may  also  contribute  to  our  findings. 

The  structure  of  the  N-isopropyl  2- (2-aminopropyl) -5-bromothiophene ,  a 
clear  liquid,  was  confirmed  by  carbon- 13  (page  41)  and  proton  NMR  spectro¬ 
scopy  (page  42).  Carbon-13  peak  assignments  are  made  on  page  25. 

In  anticipation  of  follow  on  work  to  develop  a  spectrum  of  medical 
imaging  agents,  N-ethyl  2 - (2-aminopropyl) -5-bromothiophene  was  also 
synthesized.  The  reaction  conditions  and  ratio  of  reactants  are  the  same 
as  in  the  synthesis  of  the  N-isopropyl  2- (2-aminopropyl) -5-bromothiophene 
with  the  exception  of  a  lower  reaction  temperature  for  addition  of  the 
acetaldehyde.  A  clear  liquid  was  obtained  which  was  characterized  by 


carbon-13  (page  43)  and  proton  NMR  spectroscopy  (page  44). 

Initial  attempts  to  synthesize  the  boronic  acid  using  a  Grignard 


reagent  in  borane-tetrahydrofuran  after  the  method  of  Kabalka  ££  were 

unsuccessful.  By  monitoring  the  reaction  with  boron-11  NMR  spectroscopy , 
we  determined  that  the  expected  intermediate  was  forming  (page  26).  After 
addition  of  water  and  hydrochloric  acid  (solution  at  approximately  pH-6), 
boron-11  NMR  spectroscopy  showed  apparent  hydrolysis  to  the  boronic  acid 
(page  27).  After  stirring  for  twenty-four  hours  at  room  temperature  at 
approximately  pH-2,  only  one  peak  on  the  boron- 11  spectrum  (page  28) 
indicated  complete  hydrolysis  had  ocurred,  but  carbon- 13  NMR  showed  that 
the  intermediate  had  undergone  destructive  proto -deboronation  (page  29)  to 
give  N- isopropyl  2- (2-aminopropyl) thiophene.  Comparison  with  the  NMR 
spectrum  of  N- isopropyl  2- (2-aminopropyl) thiophene  showed  them  to  be 
identical.  Apparently,  the  greater  reactivity  of  the  thiophene  five- 
position  makes  this  compound  susceptible  to  protonation  under  acidic 
conditions.  The  benzyl  analogue  did  not  show  a  similar  susceptibility. 
Attempts  to  hydrolyze  the  boron  intermediate  to  the  boronic  acid  without 
acid  catalyst  were  also  unsuccessful. 

A  different  route  to  the  boronic  acid  was  available  by  first  forming 
the  borinic  ester  after  the  method  of  Brown  and  Cole.^  Lithiation  of  N- 
isopropyl  2- (2-aminopropyl) - 5 -bromo thiophene  with  butyllithium,  followed  by 
reaction  with  triisopropoxyborane  (equation  III-5),  produces  the  desired 
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borinic  ester.  Diisopropyl  boronic  esters  and  dimethyl  esters  were 
previously  used  by  Gai^  to  yield  the  boronic  acids  of  benzyl  compounds 
following  hydrolysis  without  acid  catalyst.  Hydrolysis  resulted  in 
formation  of  the  N-isopropyl  2- (2 - aminopropyl) thiophene  -  5 -boronic  acid  as 
indicated  by  carbon- 13  (page  45),  proton  (page  46),  and  boron-11  NMR 
spectroscopy  (page  47).  Burning  the  compound  in  air  gave  a  green  flame, 
indicating  the  presence  of  boron.  Thin  layer  chromatography  on  silica  gel 
plates  eluted  with  dichlorome thane  and  methanol  (4:1)  showed  a  single  spot 
at  the  origin  as  would  be  expected  with  a  highly  polar  compound. 

A  sample  submitted  for  high  resolution  mass  spectrometry  gave  a 
molecular  ion  peak  (page  48)  at  284.1485  mass  units,  0.0002  percent 
difference  from  the  calculated  value  of  284.1492  for  the  glyme  derivative 
of  N-isopropyl  2- (2-aminopropyl)thiophene-5-boronic  acid.  The  ion  frag¬ 
mentation  spectrum  of  the  boronic  acid  is  shown  on  page  49. 

Iodination  of  the  thiophene  ring  was  based  on  the  procedure  of 
Kabalka,  et  al.^  Two  oxidizing  agents  were  used  separately  to  produce  N- 
isopropyl  2- (2 -aminopropyl) -5-iodothiophene.  N-Chlorosucc inamide  and 
chloramine-T  gave  similar  yields.  The  iodo  compound  was  purified  on  a 
silica  gel  column  eluted  with  dichloromethane  and  ethanol  (8:1).  The 
product  was  indicated  by  carbon- 13  (page  50)  and  proton  NMR  spectroscopy 
(page  51),  as  well  as  high  resolution  mass  spectrometry  (page  52).  The 
molecular  ion  peak  of  the  mass  spectra  at  310.0131  differs  by  0.0002 
percent  from  the  calculated  molar  mass  of  310.0126.  The  ion  fragmentation 
spectrum  of  the  N-isopropyl  2- (2 -aminopropyl) -5- iodo thiophene  is  shown  on 
page  53. 

Radioiodination  of  the  boronic  acid  using  iodine -131  showed  yield  of 


98  percent  radiolabeled  compound.  This  higher  yield  may  be  explained  by 
the  use  of  1  M  hydrochloric  acid  as  a  solvent  in  the  radioiodination 
compared  to  neutral  conditions  for  the  synthesis  of  the  unlabeled  compound. 
Observation  of  protodeboronation  in  acid  catalyzed  hydrolysis  in  synthesis 
of  the  boronic  acid  prompted  the  neutral  conditions  for  iodination.  Acidic 
condition  in  the  radioiodination  increased  the  yield  of  desired  product  by 
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Figure  III. A. 3 

Boron- 1  I  Nuclear  Magnetic  Resonance  Spectrum  of  Grignard  Synthesis  of  Boronic  Acid 
Immediately  After  Addition  of  Water  and  Acid. 


CHAPTER  IV 


EXPERIMENTAL 

A.  GENERAL 

Melting  points  are  uncorrected.  Nuclear  Magnetic  Resonance  <NMR' 
spectra  were  recorded  on  a  Joel  FX-90Q  Spectrometer  All  glassware  was 
thoroughly  oven  dried  and  cooled  under  dry  nitrogen  just  before  use  Lrv 
tetrahydrofuran  (THF)  and  dry  ether  were  prepared  over  sodium  with  hr!;;, 
phenone  and  collected  by  fractional  distillation  Commerc  ial 1  v  r.uL.ii  ,r 
(Aldrich)  1.0  M  bonne  in  THF  (BH3THF)  and  2 -carboxaldehvde  ■  \  ■  hrnix.- 
thiophene  were  used  as  received. 

B .  PROCEDURES 

Preparation  of  2- (2-Nltropropenvl) - 5-broaothlophcre 

In  a  typical  experiment.  4.14  g  (22  mmol)  of  2 -carboxaldehvde • c • 
bromothiophene  was  dissolved  in  75  mL  of  nitroethane  in  a  250  mL  round 
bottom  flask  with  stirring  bar  and  reflux  condenser.  To  this  was  added  2 
g  of  ammonium  acetate,  and  the  solution  refluxed  for  five  hours.  The 
remaining  solvent  was  then  removed  under  reduced  pressure  to  leave  a 
yellow-orange  solid  which  was  dissoi  .d  in  ether  and  washed  with  distilled 
water.  The  aqueous  washing  was  extracted  with  ether.  After  combining  the 
ether  layers  and  drying  over  anhydrous  sodium  sulfate,  removal  of  solvent 
and  recrystallization  from  ethanol  yielded  4.53  g  (18  mmol,  82%  vieldl  of 

I  yellow  needle  crystals,  melting  point  147-149°C.  Carbon-13  and  proton  N’MR 

) 

I 


spectra  were  obtained  and  are  reproduced  on  pages  17  and  18 


Preparation  of  2  •  (  2 -Aminoorooyl  )  •  5  •  brumothiophct-.c 

A  100  mL  three  neck  round  bottom  flask  equipped  with  a  magnetic 
stirring  bar,  gas  inlet  adapter,  and  reflux  condenser  was  assembled  The 
third  neck  of  the  flask  was  covered  with  a  rubber  septum  and  a  second  gas 
inlet  adapter  placed  on  cop  of  the  condenser.  froth  gas  inlet  adapters  were 
closed  with  8mm  septa.  After  beginning  the  nitrogen  flush,  the  apparatus 
was  flame  dried  and  allowed  to  cool  to  room  temperature,  and  then  further 
cooled  in  an  ice  bach.  A  second  oven  dried  50  mL  round  bottom  flask  was 
charged  with  1.93  g  (7.8  mmol)  of  2 - ( 2 • ni tropropenyl ) • 5 -bromothi ophene . 
sealed  with  a  septum,  and  flushed  with  dry  nitrogen.  Using  a  syringe,  25 
mL  of  tetrahydrofuran  was  added,  dissolving  the  yellow  crystals.  To  the 
cooled  100  mL  three  neck  flask  was  added  50  mL  (50.0  mmol)  of  borane - tetra - 
hydrofuran  solution  (1.0  M) .  The  2 - (2-nitropropenyl ) - 5 -bromothiophene  in 
tetrahydrofuran  was  slowly  transferred  to  the  reaction  vessel  via  double 
ended  needle.  After  the  addition  was  complete,  the  ice  bath  was  removed, 
the  septum  from  the  third  neck  was  removed,  and  while  maintaining  high 
nitrogen  flow  to  minimize  atmospheric  contamination,  0.20  g  of  sodium 
borohydride  was  added.  A  ground  glass  stopper  was  then  placed  in  the 
opening.  A  slight  reaction  ensued.  A  heating  mantle  was  placed  under  the 
reaction  vessel  and  the  solution  refluxed  for  26  hours.  The  solution  was 
then  slowly  poured  into  100  mL  ice-water  and  acidified  to  approximately 
pH-2  with  ten  percent  hydrochloric  acid  and  stirred  for  two  hours  in  an  oil 
bath  at  65-70°C.  The  solution  was  then  allowed  to  cool  to  room  tempera¬ 


ture.  The  solution  was  placed  in  a  separatory  funnel  and  washed  three 
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times  with  50  mL  ether.  The  aqueous  layer  was  then  basified  to  pH-7-8  with 
solid  sodium  hydroxide,  washed  with  ether,  and  further  basified  to  pH-10 
and  extracted  with  three,  100  mL  portions  of  ether.  These  extracts  were 


combined  and  dried  over  sodium  sulfate.  After  filtering  to  remove  the 
drying  agent,  the  solvent  was  removed  under  reduced  pressure  to  yield  1.312 
g  (6.0  mmol,  77%  yield)  of  yellow  liquid.  Carbon-13  and  proton  NMR  spectra 
were  obtained  and  are  reproduced  on  page  39  and  page  40,  respectively.  The 
amine,  if  not  used  immediately,  was  protected  by  forming  the  hydrochloride 
salt.  This  was  formed  by  taking  the  oil  up  in  anhydrous  ethyl  ether 
followed  by  saturation  with  hydrogen  chloride  gas.  The  white  precipitate 
was  then  collected  by  filtration. 

Preparation  of  N-Isonropyl  2- (2-Aminopropvl) -5-bromothiophene 

2.50  g  (11.4  mmol)  of  2- (2 -aminopropyl) -5-bromothiophene  was  dissolved 
under  nitrogen  atmosphere  in  25  mL  of  absolute  methanol  in  a  100  mL  round 
bottom  flask.  0.43  g  of  sodium  cyanohydridoborate ,  0.8  mL  (13.7  mmol)  of 
glacial  acetic  acid,  and  5.1  mL  (68.4  mmol)  of  absolute  acetone  were  added 
and  the  solution  stirred  for  24  hours  at  25°C.  Concentrated  hydrochloric 
acid  was  added  to  approximately  pH-2  and  the  solvent  removed  under  reduced 
pressure.  The  residue  was  taken  up  in  25  mL  distilled  water  and  washed 
three  times  with  30  mL  portions  of  ether.  The  aqueous  portion  was  then 
taken  to  pH-7-8  with  solid  sodium  hydroxide,  washed  with  ether,  and  then 
further  basified  to  pH-10  and  extracted  with  four  portions  of  30  mL  ether. 
The  extracts  were  combined  and  dried  over  anhydrous  sodium  sulfate.  After 
filtering  to  remove  the  drying  agent  and  removal  of  the  solvent  under 
reduced  pressure,  2.58  g  (9.8  mmol,  86%  yield)  of  a  clear  liquid  remained. 


Carbon- 13  and  proton  NMR  spectra  were  obtained  and  are  reproduced  on  page 
41  and  page  42,  respectively. 


Synthesis  of  N-Ethvl  2 -  (2 -Aminopropvl')  - 5 -bromothioohene 

A  100  mL  round  bottom  flask  with  stirring  bar  was  charged  with  0.31 
g  (4.9  mmol)  of  sodium  cyanohydridoborate ,  closed  with  a  rubber  septa,  and 
flushed  with  dry  nitrogen  while  cooled  in  an  ice-NaCl  bath  to  approximately 
-15°C.  2.04  g  (8.2  mmol)  of  2- (2-aminopropyl) - 5 -bromo thiophene  was 

dissolved  in  20  mL  of  absolute  methanol  and  added  to  the  flask.  To  this 
was  added  0.6  mL  (9.8  mmol)  of  glacial  acetic  acid  followed  by  2.8  mL  (49.2 
mmol)  of  acetaldehyde  via  syringe.  The  solution  was  allowed  to  come  slowly 
to  room  temperature  and  stirred  for  24  hours. 

Upon  completion  of  reaction,  concentrated  hydrochloric  acid  was 
added  to  bring  the  solution  to  approximately  pH-2  and  the  solvent  removed 
under  reduced  pressure.  Remaining  residue  was  then  transferred  into  a 
separatory  funnel  with  10  mL  of  distilled  water  and  washed  two  times  with 
25  mL  of  ether.  After  adding  solid  sodium  hydroxide  to  bring  the  aqueous 
layer  to  pH-7-8  and  washing  again  with  ether,  the  aqueous  layer  was  further 
basified  to  approximately  pH-10  with  solid  sodium  hydroxide  and  extracted 
three  times  with  25  mL  portions  of  ether.  These  extracts  were  combined  and 
dried  over  anhydrous  sodium  sulfate. 

Filtering  of  the  extracts  and  removal  of  the  solvent  under  reduced 
pressure  yielded  1.99  g  of  aclear  liquid  (8.0  mmol,  98%  yield).  A  carbon- 
13  NMR  spectrum  was  obtained  and  is  reproduced  in  page  43,  proton  NMR 
spectrum  is  reproduced  on  page  44. 
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A  50  mL  round  bottom  flask  was  cooled  under  nitrogen  in  an  acetone-dry 
ice  bath.  The  flask  was  charged  with  50  mL  of  dry  ether  followed  by  0.52  g 
(2.0  mmol)  of  N-isopropyl  2- (2-aminopropyl) - 5 -bromo thiophene .  After  the 
solution  had  cooled,  1.6  mL  (4.0  mmol)  of  2.5  M  butyllithium  in  hexanes  was 
added  and  the  solution  stirred  at  -78°C  for  one  hour.  9.2  mL  (20.0  mmol) 
of  triisopropoxyborane  was  then  added  and  the  solution  stirred  for  an  addi¬ 
tional  hour  at  -78°C,  allowed  to  come  slowly  to  room  temperature,  and  then 
stirred  for  three  additional  hours  at  room  temperature. 

The  solution  was  then  poured  into  an  equal  volume  of  water  and  stirred 
until  clear.  The  clear  solution  was  transferred  to  a  separatory  funnel  and 
extracted  three  times  with  20  mL  of  ethyl  acetate.  These  extracts  were 
combined  and  dried  over  anhydrous  magnesium  sulfate  for  approximately  five 
minutes,  filtered,  and  the  solvent  removed  under  reduced  pressure,  leaving 
a  white  solid.  After  titurating  the  solid  with  ether,  0.39  g  (1.7  mmol, 

86%  yield)  of  a  white  powder  remained.  Carbon- 13,  proton,  and  boron- 11  NMR 
spectra  were  obtained  and  are  reproduced  in  on  pages  45 ,  46 ,  and  47 , 
respectively.  High  resolution  mass  spectrum  was  obtained  and  is  reproduced 
on  page  48,  while  the  ion  fragmentation  spectrum  is  shown  on  page  49. 


Synthesis  of  N-Isonroovl  2-  f  2-Aminopropvl')  -5- iodo thiophene 

In  a  dry  50  mL  round  bottom  flask  with  stirring  bar  was  placed  0.454  g 
(2.0  mmol)  of  N-isopropyl  2- (2-aminopropyl) thiophene- 5 -boronic  acid.  10  mL 
of  water  was  added,  dissolving  the  solid  boronic  acid.  The  reaction  flask 
was  then  shielded  from  light  and  stirring  begun  as  2.0  mL  (2.0  mmol)  of  1.0 
M  sodium  iodine  solution  was  added.  This  was  followed  by  addition  of  0.455 


g  of  (2.0  mmol)  chloramine-T.  The  solution  turned  dark  brown  upon  addition 
of  the  chloramine-T  «ud  immediately  turned  milky.  After  stirring  for 
thirty  minutes,  the  solution  was  clear.  The  solution  was  transferred  to  a 
separatory  funnel  and  extracted  with  three,  10  mL  portions  of  ether.  These 
ether  extracts  were  combined  and  dried  over  sodium  sulfate,  after  which  the 
drying  agent  was  filtered  out  and  the  remaining  solvent  removed  under 
reduced  pressure  to  leave  0.17  g  of  a  clear  liquid  (0.6  mmol,  30  %  yield). 
Carbon- 13  and  proton  NMR  spectra  were  obtained  and  are  reproduced  on  pages 
50  and  51.  High  resolution  mass  spectrum  was  also  obtained  and  is  repro¬ 
duced  on  page  52,  with  the  fragmentation  pattern  shown  on  page  53. 


Radio iodination  of  N-Isopropyl  2- (2-Aminopropvl)thiophene-5-boronic  Acid 

All  handling  of  radioactive  isotopes  were  in  accordance  with  standard 
safety  procedures  using  approved  hoods  and  shielding,  including  use  of  lead 
pigs  for  movement  of  solutions  assumed  to  contain  radioactive  material. 

In  a  dry  25  mL  round  bottom  flask  with  stirring  bar  was  placed  0.0056 
g  (0.02  mmol)  of  N-Isopropyl  2- (2-aminopropyl)thiophene-5-boronic  acid. 

1  mL  of  1  M  hydrochloric  acid  was  added,  dissolving  the  solid  boronic  acid. 
Aqueous  sodium  iodide -131  (0.02  mmol,  0.02  mL  of  a  1.0  M  solution,  7 
mCi/mL)  was  added,  followed  by  0.02  mL  of  1.0  M  aqueous  chloramine-T.  Upon 
addition  of  the  chloramine-T,  the  solution  became  red.  The  reaction 
stirred  at  room  temperature  for  forty  minutes,  during  which  time  the  color 
slowly  faded.  After  transferring  to  a  separatory  funnel,  0.3  mL  of  5  M 
potassium  hydroxide  was  added  and  the  aqueous  layer  extracted  with  5  mL 
ether.  Separation  of  the  layers  and  assay  of  the  ether  layer  showed  406 
mCi  of  activity.  Another  0.5  mL  potassium  hydroxide  was  added  to  the 


aqueous  layer,  followed  by  a  second  extraction  with  5  mL  ether.  Separation 
and  assay  gave  a  total  of  686  mCi  of  activity  in  the  ether  layers. 

Radiochemical  purity  was  analyzed  using  thin- layer  chromatography  on 
silica  gel  eluted  with  dichlorome thane : methanol  (8.5  :  1).  Proportion  of 
iodine-131  present  was  checked  by  counting  the  radiotracer.  A  single  spot 
with  an  Rf  value  comparable  to  an  authentic  unradio labeled  sample  was 
shown.  98  percent  yield  of  radiolabeled  compound  was  obtained. 
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SOLVENT:  Chlorof ortn-d ;  99.8  atom  %  D 
REFERENCE:  Tetramethylsilane;  0.0  ppm 


-Isopropyl  2-( 2-Aminopropy 1 )-5-bromoth 
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Magnetic  Resonance  Spectrum  of  N-Isopropyl  2- ( 2-Ami nopropy 1 ) t h iophene- 
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F  igure  IV . B . 5 . d 

High  Resolution  Mass  Spectrum  of  N-Isopropyl  2-( 2-Aminopropv l ) 
th iophene-5-boron ic  Acid. 
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F igure  IV . B . 6  .  d 
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Ion  Fragmentation  Spectrum  of  N-Isopropyl  2-(2-Aminopropyl )-5- 
iodothiophene . 
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CHAPTER  V 


CONCLUSIONS 


N-Isopropyl  2- (2-aminopropyl) -5- iodo thiophene  labeled  with  iodine-131 
was  sucessfully  synthesized.  The  synthetic  pathway  for  this  synthesis 
parallels  that  developed  by  Kabalka  et  al. for  the  synthesis  of  iodine- 
123  labeled  N- isopropyl  £- iodoamphetamine .  Further  studies  with  other 
thienyl  analogues  will  benefit  the  medical  imaging  field  as  well  as 
comparison  of  synthetic  techniques. 
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